THIN FILM SEMICONDUCTOR DEVICE AND MANUFACTURING 



METHOD 

FIELD OF THE INVENTION 
5 [0001] 

The present invention relates to a thin film semiconductor 
device and a method of manufacturing the thin film semiconductor 
device, and more particularly to a thin film semiconductor device, which 
includes at least an analog circuit part and a switch using thin film 
10 transistors (TFT: an abbreviation of a thin film transistor) having 
different threshold voltages (a threshold voltage is also designated as 
VT in the below), and a manufacturing method thereof. 
BACKGROUND OF THE INVENTION 
[0002] 

15 A display device, such as a liquid crystal display device and an 

organic EL (electroluminescence) display device that are thinner and 
lighter than a CRT, has been used as the monitor of a portable terminal 
such as a cellular phone and a mobile device or as the monitor of a 
notebook personal computer. An image is displayed on a liquid crystal 

20 display device or an organic EL display device by forming a display part, 
which has pixels arranged in a matrix, on an insulating substrate such as 
a glass substrate using the thin film formation technology and by 
sending signals, corresponding to video data, to the pixels via the driver 
circuits such as an externally installed gate driver and a data driver to 

25 control the orientation of liquid crystals or the luminescence of organic 
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EL devices. A recent development in the thin film formation 
technology makes it possible to form polycrystalline silicon TFTs on the 
same substrate as that of the display part and therefore to form a part of 
the driver circuit with polycrystalline silicon TFT circuits. 
5 [0003] 

Compactness, low power dissipation, and high performance are 
important for a portable terminal and, to satisfy those needs, there is a 
need for a compact, low-power-dissipation type display device. To 
make a display device compact, the display part and the driver circuit 

10 are integrated into a glass substrate to reduce the number of external 
parts and to make the device compact. The integration of the display 
part and the driver circuit reduces the load capacity that would be 
caused by a connection resistance or a wiring(interconnection) to 
external connection terminals required in case of the driver circuits 

15 mounted external to the display part and, at the same time, reduces 
power dissipation. Recently, a display device is required to display a 
high definition, clear image, with increasing demand for an active 
matrix display device that forms each pixel independently. An active 
matrix display device has switching devices, at least one for each pixel. 

20 When a switching element is turned on by the signal corresponding to an 
image supplied from the driver circuit and the signal controlling a 
switching element, the signal corresponding to an image is sent to each 
pixel for display. When an active matrix display part and the driver 
circuit are integrated, for example, on a glass substrate, the switching 

25 elements (TFTs) of the pixels and the TFTs of the driver circuits formed 
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on the same substrate are fabricated at the same time. 
[0004] 

The TFTs described above include two types of TFT, n-channel 
type and p-channel type. Because a polycrystalline silicon film, which 
5 is an active layer, usually tends to be of n-type, an n-channel TFT is 
slightly of depression type, as a result of which, driving power is 
relatively increased and off current is increased. For a display device, 
especially, a display device used for a mobile communication terminal, a 
low off current is required at least in a switch TFT to reduce power 
10 dissipation. Therefore, doping is performed in the channel region of 
an n-channel TFT during TFT fabrication process to control a threshold 
voltage VT. 
[0005] 

Because channel doping is usually performed for the channel 
15 regions of a plurality of TFTs at a time, the dose of dopant implanted 
into the plurality of TFTs is almost equal among them. It is also 
possible to change the dose according to TFTs during a single doping 
operation. A reference is made to a publication such as Japanese 
Patent Kokai Publication JP-A-8-264798. 
20 [0006] 

Japanese Patent Kokai Publication JP-A-8-264798 (pages 4-7, 
FIG. 5) discloses a method of varying the thickness of a control film 
(silicon dioxide film), provided for controlling the dopant implantation 
amount, and then performing doping from above the control film 
25 according to the region with a large dosage in the thin control film part 
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and a small dosage in the thick control film part. 

SUMMARY OF THE DISCLOSURE 

[0007] 

There are many types of circuits that are built using TFTs; 
5 some circuits such as a logic circuit perform digital processing using a 
signal of binary levels, low and high, while other circuits such as an 
amplifier circuit perform analog processing to process continuous 
amounts. A switch is a device that switches the conducting state, 
conducting and non-conducting, between two terminals to cut off the 
10 current between two terminals or, when combined with a capacitor, to 
store electric charge. A switch is built in a logic circuit or an analog 
circuit according to the purpose. 
[0008] 

However, the performance of a TFT required in those circuits 
15 depends on the circuit. For example, a TFT used in a logic circuit or a 
switch is required to have the sufficient current drive capability when it 
is on and is required to cut off the current when it is off. In particular, 
when low power dissipation is very important, the off-leakage current 
must be sufficiently low. In this case, the threshold voltage is set 
20 higher. On the other hand, when a TFT used in an analog circuit, a 
TFT in a circuit where an idling current is flowing is always on. It is 
important for the operation of an analog circuit to control drain current 
precisely, from small to large current value, with control voltage 
supplied to a gate of the TFT. 
25 [0009] 
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An off-leakage current, if large, power dissipation is increased 
because a leakage current flows even when the circuit is inactive. This 
is a serious problem especially for driver circuits in a mobile device 
where the battery life is one of important performance factors. In 
5 addition, a recent demand for low energy requires even non-mobile 
devices to reduce power dissipation during operation time and to reduce 
standby power dissipation during standby time. To meet those 
demands, the threshold voltage VT of a TFT used in a conventional 
circuit is set higher so that the off-leakage current becomes sufficiently 
10 low (for example, lpA or less). 
[0010] 

However, channel doping is conventionally performed for the 
channel region of all n-channel (or p-channel) TFTs at a time. For 
example, when channel doping is performed for n-channel TFTs, the VT 

15 of all n-channel TFTs is controlled in the same way. Therefore, when 
the threshold voltage of TFTs is set higher to reduce the off-leakage 
current, the active range in which a TFT is set in an on state in the power 
supply voltage range becomes narrower and the upper limit of the TFT 
current driving power is decreased. This generates other problems 

20 such as a reduced operation speed of a circuit or a narrower dynamic 
range (output voltage range against to power voltage range) of an analog 
circuit. 
[0011] 

When doping is performed for one of n-channel TFTs and p- 
25 channel TFTs, the change amount of the drain current with respect to the 
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gate-to-source voltage changes only in the TFTs of one of channel types 
and therefore the VT becomes unsymmetrical between n-channel TFTs 
and p-channel TFTs. For example, when building a CMOS circuit, a 
TFT with a lower operation speed is employed with the result that the 
5 circuit characteristics are not good. 
[0012] 

To keep the symmetry in the VTs, a method is employed to 
perform channel doping for n-channel TFTs and p-channel TFTs 
separately. However, even in this method, the problem remains 

10 unresolved because the same VT is used for the TFTs of the same 
channel type; that is, a higher VT degrades the operation speed and the 
dynamic range of an analog circuit, while a lower VT increases the off 
current of a logic circuit or a switch circuit. More strictly speaking, a 
fabrication error such as a doping precision error prevents VT symmetry 

15 from being maintained and this error, in turn, prevents thin film 
semiconductor devices with a well-balanced VT from being fabricated. 
Another problem is that the process becomes complicated because 
channel doping is performed multiple times separately. If this channel 
doping is performed according to the method disclosed in Japanese 

20 Patent Kokai Publication JP-A-8-264798, the channel-doping operation 
must be performed at least once for each of n-channel TFTs and p- 
channel TFTs. This does not solve the problem that the process 
becomes complicated. 
[0013] 

25 This problem applies not only to circuits used in a display 
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device such as a liquid crystal display device and an organic EL display 
device but also to circuits in general comprising n-channel TFTs and p- 
channel TFTs in which a polycrystalline silicon film is used as an active 
layer. 
5 [0014] 

Accordingly, it is an object of the present invention to provide 
a thin film semiconductor device and its manufacturing method for 
forming n-channel TFTs and p-channel TFTs, both of which have a VT 
suitable for each circuit, without making manufacturing process 
10 complicated and for increasing the performance of an analog circuit 
without increasing power dissipation. 
[0015] 

The above and other objects are attained by a thin film 
semiconductor device in accordance with one aspect of the present 

15 invention which comprises at least n-channel thin film transistors (TFT) 
and p-channel TFTs on an insulating substrate with a polycrystalline 
silicon film as an active layer, wherein said thin film transistors of an 
identical channel type include plural classes of thin film transistors 
whose threshold voltages are different one another; and that said thin 

20 film transistors of different channel types include thin film transistors 
to which the same dopant are introduced into channel regions thereof at 
approximately with approximately an equal dose. 
[0016] 

In accordance with the present invention, the plurality types of 
25 TFTs with different threshold voltages comprise either a TFT including 
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P-type or N-type dopant in the channel region and a TFT not including 
dopant in the channel region or a TFT including P-type or N-type dopant 
in the channel region and a TFT including both P-type and N-type 
dopants in the channel region. 
5 [0017] 

In accordance with the present invention, a circuit constituting 
the thin film semiconductor device comprises at least an analog circuit 
requiring an idling current at circuit operation time and a switch, 
wherein the analog circuit preferably includes a low threshold voltage 

10 TFT, which is included in the plurality types of TFTs with different 
threshold voltages, on a current path of the idling current and wherein 
the switch is preferably composed of a high threshold voltage TFT which 
is included in the plurality of types of TFTs with different threshold 
voltages. 

15 [0018] 

In accordance with the present invention, the analog circuit 
preferably includes at least a switch on the current path of the idling 
current for cutting off the idling current and wherein the activation and 
deactivation of the analog circuit is preferably controlled by the 
20 conduction and cutoff of the idling current via the switch. 
[0019] 

In accordance with the present invention, when the low 
threshold voltage TFT is included in a current path route of the idling 
current among an input terminal, an output terminal, and power supply 
25 terminals, the analog circuit part includes the switch in the current path 
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route. 
[0020] 

In accordance with the present invention, the analog circuit 
part may be a differential amplifier circuit that at least includes the low 
5 threshold voltage TFTs in a differential pair and includes the switch in a 
current path route of the differential pair. 
[0021] 

A display device according to the present invention has a 
display unit and a circuit part driving the display unit integrated on an 
10 insulating substrate wherein the circuit part includes the analog circuit 
and the switch. 
[0022] 

A display device according to the present invention comprises 
a circuit part, which comprises an analog circuit part, a logic circuit part, 
15 and switches formed on a polycrystalline silicon film on an insulating 
substrate using TFTs, and a display unit, wherein the analog circuit part 
includes TFTs whose threshold voltage is lower than the threshold 
voltage of TFTs used in the logic circuit part. 
[0023] 

20 In accordance with the present invention, the analog circuit 

part receives power via the switches and either the switches are each 
composed of a TFT whose threshold voltage is equal to that of a TFT 
used in the logic circuit part or pixel switches of the display unit are 
each composed of a TFT whose threshold voltage is equal to that of a 

25 TFT used in the logic circuit part. 



10 



[0024] 

A method of manufacturing a thin film semiconductor device, 
in accordance with another aspect of the present invention, forming at 
least n-channel TFTs and p-channel TFTs using a polycrystalline silicon 
5 film on an insulating substrate comprises the step of introducing P-type 
dopant or N-type dopant into the channel region of at least a part of the 
n-channel TFTs and at least a part of the p-channel TFTs at the same 
time. 
[0025] 

10 A method according to the present invention is a method of 

forming at least n-channel TFTs and p-channel TFTs using a 
polycrystalline silicon film on an insulating substrate comprising the 
steps of introducing P-type or N-type dopant onto the overall region; 
and introducing the N-type dopant or the P-type dopant into the channel 

15 region of at least a part of the n-channel TFTs and at least a part of the 
p-channel TFTs at the same time. 
[0026] 

The thin film semiconductor device according to the present 
invention has the configuration described above in which, on a 

20 polycrystalline silicon film formed on an insulating substrate such as a 
glass, high-VT TFTs are formed so that the off current of a logic circuit 
or a switch is reduced, and low-VT TFTs are formed so that the 
operation speed and the dynamic range of an analog circuit are increased, 
without making the fabrication process complicated. Because the same 

25 dopant at an approximately equal density is added to n-channel TFTs and 



p-channel TFTs for which channel doping is performed, VT symmetry 
can be maintained and therefore TFTs suitable for each circuit can be 
built. 

The thin film semiconductor device, according to another 
5 aspect of the present invention, comprises an insulating substrate and an 
n-channel TFT and a p-channel TFT each having a crystalline silicon 
film as an active layer on the insulating substrate, wherein p-channel 
type TFT and/or n-channel type TFT includes plural classes of TFT, 
threshold voltage of TFTs belonging to different classes being different 

10 one another; and there are provided at least pair of TFTs, each channel 
type being different and each having the same dopant introduced into a 
channel region with substantially the same dose. 

In the present invention, there are two types of TFTs, one TFT 
having a channel region implanted with dopant and an other TFT having 

15 a channel region not implanted with dopant. 

In accordance with another aspect of the present invention, a 
thin film semiconductor device may comprises a plurality of TFTs of an 
n-channel type and a p-channel type, each having a crystalline silicon 
film as an active layer on the insulating substrate; a plurality of TFTs of 

20 an n-channel type and/or a p-channel type being classified into a 
plurality of classes having different threshold voltage; wherein thin film 
semiconductor device includes at least one TFT having a relatively low 
threshold voltage and at least one TFT having a relatively high threshold 
voltage inserted in series in a current path between terminals of power 

25 supplies and/or between terminal of the power supply and an 
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input/output terminal; said TFT having a relatively high threshold 
voltage and being controlled to be turned on and off by a control signal 
supplied to a control terminal thereof, controls activation and 
inactivation of said TFT having a relatively low threshold value. 
5 [0027] 

The thin film semiconductor device and its manufacturing 
method according to the present invention achieve advantageous effects 
described below. 
[0028] 

10 The effect of the present invention is that TFTs each with a 

different VT may be formed for each of n-channel TFTs and p-channel 
TFTs without increasing the number of processes. 
[0029] 

The reason is that, channel doping is performed not for one of 
15 n-channel TFTs and p-channel TFTs but for all or a part of n-channel 
TFTs and all or a part of p-channel TFTs at the time. This enables the 
doping operation to be performed for n-channel TFTs and p-channel 
TFTs at the same time and, in addition, the VT to be varied among TFTs 
of the same channel type according to whether or not doping is 
20 performed. 
[0030] 

Another effect of the present invention is that VT symmetry 
between n-channel TFTs and p-channel TFTs is maintained and therefore 
the circuit can be designed optimally. 
25 [0031] 
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The reason is that doping is performed for n-channel TFTs and 
p-channel TFTs not separately but in the same process using the same 
dopant at an equal density. This maintains VT symmetry. 
[0032] 

5 The further effect of the present invention is that a circuit 

including logics or switches that have good off-characteristics and 
analog circuits that have high operation speeds and wide dynamic rages 
may be formed easily. 
[0033] 

10 The reason is that regions to be channel-doped are selectively 

set up for TFTs requiring good off-characteristics such as logics and 
switches and TFTs for analog circuits not requiring good off- 
characteristics and that N-type or P-type dopant is introduced according 
to the characteristics required for each circuit to control the VT. 

15 Still other objects and advantages of the present invention will 

become readily apparent to those skilled in this art from the following 
detailed description in conjunction with the accompanying drawings 
wherein only the preferred embodiments of the invention are shown and 
described, simply by way of illustration of the best mode contemplated 

20 of carrying out this invention. As will be realized, the invention is 
capable of other and different embodiments, and its several details are 
capable of modifications in various obvious respects, all without 
departing from the invention. Accordingly, the drawing and description 
are to be regarded as illustrative in nature, and not as restrictive. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 
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FIG. 1 is a cross section diagram showing the configuration of 
a thin film semiconductor according to one embodiment of the present 
invention. 

FIGs. 2a to 2e are process cross section diagrams illustrating 
the manufacturing method (B doping) of the thin film semiconductor 
device according to one embodiment of the present invention. 

FIGs. 3a to 3c are process cross section diagrams illustrating 
the manufacturing method (B doping) of the thin film semiconductor 
device according to one embodiment of the present invention. 

FIG. 4 is a process cross section diagram showing another 
manufacturing method (P doping) of the thin film semiconductor device 
according to one embodiment of the present invention. 

FIGs. 5a and 5b are process cross section diagrams illustrating 
another manufacturing method (B overall doping and P re-doping) of the 
thin film semiconductor device according to one embodiment of the 
present invention. 

FIGs. 6a and 6b are process cross section diagrams illustrating 
another manufacturing method (P overall doping and B re-doping) of the 
thin film semiconductor device according to one embodiment of the 
present invention. 

FIG. 7 is a circuit diagram showing the configuration of an 
analog circuit according to one embodiment of the present invention. 

FIG. 8 is a circuit diagram showing the configuration of a 
differential amplifier circuit according to a first embodiment of the 
present invention. 
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FIG. 9 is a circuit diagram showing another configuration of a 
differential amplifier circuit according to a second embodiment of the 
present invention. 

FIG. 10 is a circuit diagram showing another configuration of a 
5 differential amplifier circuit according to a third embodiment of the 
present invention. 

FIG. 11 is a circuit diagram showing the configuration of a 
driver circuit according to a fourth embodiment of the present invention. 

FIG. 12 is a diagram showing the configuration of the driver 
10 circuit of a liquid crystal display device according to fifth embodiment 
of the present invention. 

FIG. 13 is a diagram showing the configuration of the driver 
circuit of an organic EL display device according to another embodiment 
of the present invention. 
15 FIG. 14 is a diagram showing the detailed configuration of a 

data driver according to still another embodiment of the present 
invention. 

FIG. 15 is a diagram showing the detailed configuration of a 
memory according to still another embodiment of the present invention. 
20 FIGs. 16a to 16c are circuit diagram showing the effect of the 

present invention. 

FIG. 17 is a circuit diagram showing a configuration of a 
differential amplifier circuit according to a sixth embodiment of the 
present invention. 

25 FIG. 18 is a circuit diagram showing a configuration of a 
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source follower amplifier circuit according to a seventh embodiment of 
the present invention. 

FIG. 19 is a circuit diagram showing a configuration of a 
differential stage according to an eighth embodiment of the present 
5 invention. 

FIG. 20 is a circuit diagram showing a configuration of a 
differential stage according to a ninth embodiment of the present 
invention. 

PREFERRED EMBODIMENTS OF THE INVENTION 
10 [0034] 

Preferred embodiments of a thin film semiconductor device and 
its manufacturing method according to the present invention will be 
described below with reference to the drawings. In the description of 
the embodiment below, an analog circuit means a circuit that processes a 

15 continuous amount and requires an idling current at an operation point 
during stable operation. A logic circuit means a circuit that processes 
a two-level voltage, that is, high level and low level. A switch means a 
device that switches the conducting state, conducting and non- 
conducting, between two points. 

20 [0035] 

On a thin film semiconductor device on which n-channel TFTs 
and p-channel TFTs composed of a polycrystalline silicon film are 
formed, channel doping is performed for n-channel TFTs (or p-channel 
TFTs) to reduce the off-current of the TFTs as described in the 
25 description of the related art. This method allows TFTs of the same 



channel type to have an equal VT. A problem is that, when the VT is 
set higher to sufficiently reduce the TFT off-leakage current for low 
power dissipation, the operation speed and the dynamic range of an 
analog circuit are degraded and, in addition, good circuit characteristics 
5 cannot be obtained because of the loss of symmetry in the VT. 
[0036] 

On the other hand, when a circuit is formed on a silicon 
substrate (called a silicon circuit), a sense amplifier of a memory circuit, 
for example, uses two types of VTs to provide a quick response and to 

10 suppress a leakage current, with the well potential adjusted for each 
circuit for controlling the VT. However, although the well potential 
control method can be used for a silicon circuit that has a back gate, the 
technology for silicon circuits cannot be used for TFTs that are provided 
on an insulating substrate. 

15 [0037] 

To control the VT of TFT in a logic circuit and a switch and the 
VT of TFT in an analog circuit separately on a thin film semiconductor 
formed on an insulating substrate, the VT can be controlled individually 
by performing channel doping separately also for TFTs of the same 

20 channel type. 

However, this method requires channel doping at least once for 
each of n-channel TFTs and p-channel TFTs, complicating the 
fabrication process of a thin film semiconductor device. An increase 
in cost due to an increase in the number of processes is a serious 

25 problem especially to a device such as a cellular phone where price 
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reduction is important. 
[0038] 

Although it is possible to allow TFTs of the same channel type 
to have different VTs according to the method disclosed in Japanese 
5 Patent Kokai Publication JP- A-8-264798, the method disclosed in the 
publication is not intended to perform doping for both n-channel TFTs 
and p-channel TFTs at the same time. Instead, the method is provided 
to give a lower VT to a TFT that is far from the gate line driver circuit 
considering a decrease in the voltage due to the wiring resistance of the 
10 gate line of an active matrix display device. Therefore, as with the 
method for individual channel doping, this method also requires channel 
doping at least once for each of n-channel TFTs and p-channel TFTs. 
[0039] 

The methods described above, which perform channel doping 
15 separately for n-channel TFTs and p-channel TFTs, destroy the 
symmetry of the VT of each channel type. Thus, the methods do not 
solve the problem that the desired circuit characteristics cannot be 
obtained when forming CMOS circuits and so on. 
[0040] 

20 The inventors of the present invention have found that, during 

analog circuit operation, the off-current characteristics of TFTs are not 
so important in controlling the VT of each circuit. That is, except an 
analog circuit such as an analog switch for cutting off current, a TFT is 
in an on-state because an idling current usually flows through the analog 

25 circuit during operation and therefore the amount of the leakage current 
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in an off-state does not affect the operation performance and the power 
dissipation of the analog circuit. On the other hand, a lower VT of a 
TFT increases the operation speed, and enlarges the dynamic range, of 
an analog circuit. Therefore, the amount of off current of a TFT, if 
5 somewhat larger during the operation of an analog circuit, does not 
cause a problem and the performance is increased as the VT becomes 
lower. 
[0041] 

With those characteristics of an analog circuit in mind, the 
10 inventors have invented a method for introducing the same dopant to 
some parts of n-channel TFTs and some parts of p-channel TFTs at the 
same time to control the VT so that it is suitable for n-channel TFTs and 
p-channel TFTs without complicating the doping process. There has 
been a method of introducing different dopants to n-channel TFTs and 
15 p-channel TFTs to control the VT. A method of introducing the same 
dopant to TFTs of different channel types to control the VT is a new 
method invented by the inventor of the present invention. 
[0042] 

The structure and the manufacturing method of a thin film 
20 semiconductor according to one embodiment of the present invention 
will be described below with reference to FIGS. 1-6. FIGS. 1-6 show 
n-channel TFTs and p-channel TFTs (a total of four TFTs), each having 
a different VT, formed on an insulating substrate. The present 
invention is not limited to the configuration shown in the drawings. 
25 Instead, the present invention may be applied to a configuration in 
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which n-channel TFTs and p-channel TFTs are mixed and there is a 

plurality of TFTs of at lest one of channel types. 

[0043] 

As shown in FIG. 1, on a polycrystalline silicon film 3 formed 

5 on an insulating substrate 1 made of glass, plastic, and so on via an 
undercoat layer 2, a thin film semiconductor device in accordance with 
one embodiment of the present invention has a low-VT p-channel TFT 
(hereinafter called a low-VT p-type TFT (1)) and a high-VT n-channel 
TFT (hereinafter called a high-VT n-type TFT (4)) that have a channel 

10 region to which B (boron) is added at an approximately equal dose and 
an undoped high-VT p-channel TFT (hereinafter called a high-VT p-type 
TFT (2)) and a low-VT n-channel TFT (hereinafter called a low-VT n- 
type TFT (3)). That is, the thin film semiconductor device is 
characterized in that TFTs with different VTs may be formed not only 

15 for TFTs of different channel types but also for TFTs of the same 
channel type. In the above description, a high VT or a low VT 
indicates the relation of the absolute values of the potential. The 
manufacturing method of a thin film semiconductor device with this 
configuration will be described with reference to the process cross- 

20 sectional diagrams in FIGs. 2a to 2e and FIGs. 3a to 3c. 
[0044] 

First, as shown in FIG. 2a, a silicon oxide film (SiOx) or a 
silicon nitride film (SiNx), about 300nm in thickness, is formed as the 
undercoat layer 2 on the insulating substrate 1, made of glass or plastic, 
25 using the LPCVD (low-pressure chemical vapor deposition) method, the 
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PCVD (plasma activated chemical vapor deposition) method, or the 
spattering method. The undercoat layer 2, provided to prevent 
impurities from being diffused from the insulating substrate 1 into the 
active layer, need not be provided when the effect of impurities is not a 
5 problem. After that, an amorphous silicon (hereinafter abbreviated a- 
Si) film 3a, which is an active layer 20nm-100nm in thickness, is formed 
using the LPCVD method, the PCVD method, or the spattering method. 
When the PCVD method is used, dehydrogenation processing is 
performed after the film is formed. 
10 [0045] 

Next, as shown in FIG. 2b, a resist pattern 10a is formed on the 
a-Si film 3a, with openings provided in regions for doping, using the 
photolithography process, and then channel doping is performed using 
the ion implantation method or the ion doping method. According to 

15 the conventional method for fabricating a thin-film semiconductor 
device, doping is performed for all TFTs of the same channel type (for 
example, two n-channel TFTs in the right side in FIG. 2a). By contrast, 
according to the present invention, B (boron) is selectively doped into at 
least a part of n-channel TFTs (n-channel TFTs in the right part in the 

20 drawing) and at least a part of p-channel TFTs (p-channel TFTs in the 
left side in the drawing) to control the VT of both n-channel TFTs and 
p-channel TFTs in one doping operation. The dose of impurity used by 
the ion implantation method or the ion doping method depends on the VT 
to be set. Usually, implantation/doping is preferably executed with the 

25 dose of the range from 2E+ll/cm 2 to 5E+12/cm 2 . 
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[0046] 

Because four types of TFTs are formed at the same time in the 
above description, a TFT for which B doping is performed and a TFT for 
which B doping is not performed are provided for each of n-channel 
5 TFTs and p-channel TFTs. When it is desired to form only one of n- 
channel TFTs and p-channel TFTs whose VT varies among them, B 
doping should be performed partially only for the TFTs of that channel 
type. Although TFTs with different VTs are classified into two types 
of TFTs, that is, high VT TFTs and low VT TFTs, in this embodiment, 
10 VTs may be classified into three or more. In that case, doping 
processes, each with a different dopant or a different dosage, should be 
added. 
[0047] 

Then, as shown in FIG. 2c, the a-Si film 3a, for which doping 
15 has been performed for a part of n-channel TFTs and for a part of p- 
channel TFTs, is crystallized by annealing it with an excimer laser beam 
(ELA) to form a polycrystalline silicon film 3 having a non-doped 
region 8 and a B-doped region 9a. 
[0048] 

20 Next, as shown in FIG. 2d, the polycrystalline silicon film 3 is 

etched into an island pattern using the photolithography process and, as 
shown in FIG. 2e, a silicon oxide film is formed as a gate insulating film 
4 using the LPCVD method, PCVD method, or spattering method. 
Preferably, the film thickness of this gate insulating film 4, which 

25 depends on the power supply voltage, TFT characteristics such as a VT, 
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or specifications, is usually in the range 30nm - 200nm. After that, a 
conducting material such as a metal, silicon, and silicide is deposited by 
the PCVD method or the spattering method and then patterning is 
performed on the conducting material using the photolithography 
5 process to form gate electrodes 5. 
[0049] 

Next, as shown in FIG, 3a, the p-channel TFT forming region is 
covered by a resist pattern 10b and P (phosphor)-doping is performed for 
the n-channel TFTs with the gate electrodes 5 as the mask and, then, the 

10 n-channel TFT forming region is covered by a resist pattern 10c and B- 
doping is performed for the p-channel TFTs with the gate electrodes 5 as 
the mask in the similar manner to form the source/drain regions. 
Doping for the n-channel TFTs and doping for p-channel TFTs may be 
performed in any order; doping may be performed in reverse order. 

15 [0050] 

To build the LDD (Lightly Doped Drain) structure to prevent a 
decrease in device reliability in the high field region near the drain, an 
impurity is implanted into an offset created in the gate using the resist 
pattern, low-density P is implanted with the gate electrodes 5 as the 

20 mask, and then activation is performed. The activation methods 
include orthodox thermal activation, laser activation using laser, and 
RTA (Rapid Thermal Anneal) using lamps or high-temperature N 2 . The 
activation process most suitable for the structure of a gate metal should 
be selected. 

25 [0051] 



After that, hydrogen plasma processing is performed. Then, 
as shown in FIG. 3c, a silicon oxide film or a silicon nitride film is 
deposited as an inter-layer insulating film 6, contact holes are formed on 
the gates and the sources/drains, and metal electrodes are formed as 
5 electrode 7 to provide an electrode wiring structure. Usually, Al 
(aluminum) is used as the metal. After that, a passivation film such as 
a silicon nitride film, though not shown, is formed, and pad contact 
holes are created to form a thin film semiconductor device. 
[0052] 

10 In the manufacturing method according to the present invention, 

when B-doping is performed for a part of n-channel TFTs, B-doping is 
performed also for a part of p-channel TFTs at the same time. This 
makes it possible to fabricate two types of TFTs of the same channel 
type, each with a different VT, without increasing the number of 

15 processes. In addition, because the same dopant (B) is added to the 
channel region of the low-VT n-type-TFT and the high-VT p-type-TFT 
almost at the same density, the symmetry of the VT can be maintained. 
[0053] 

In the above description, the method for controlling the VT of 
20 n-channel TFTs through B-doping is used also for controlling the VT of 

p-channel TFTs to control the VT of n-channel TFTs and p-channel TFTs. 

The same concept may be used also for some other method of creating 

two types of TFTs of the same channel type each with a different VT. 

For example, instead of performing B-doping in the process in FIG. 2(b), 
25 it is also possible to form the resist pattern 10a, as shown in FIG. 4, so 
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that the center TFTs (high-VT p-type TFT and low-VT n-type TFT) are 
exposed and then perform p doping. This method increases the VT of 
the P-doped p-channel TFT and decreases the VT of the n-channel TFT. 
In this way, two types of TFTs each with one of two VTs may be created 
5 for n-channel TFTs and p-channel TFTs. 
[0054] 

Although one step is added to the doping process of the method 
described above, it is also possible to fabricate TFTs, each with one of 
two VTs, for n-channel TFTs and p-channel TFTs by performing re- 

10 doping using a dopant of the opposite conductive type. For example, 
instead of performing B-doping for the two TFTs at both ends in the 
process shown in FIG. 2b, another method may also be used, as shown in 
FIG. 5, in which B-doping is performed for the whole region (both n- 
channel and p-channel TFTs) as shown in FIG. 5 (FIG. 5a), the resist 

15 patterns 10a is formed so that the center TFTs (high VT p-type TFT (2) 
and low VT n-type TFT (3)) are exposed, and then P-doping is performed 
(FIG. 5b). In this case, the n-type impurity density substantially 
decreases in the low-VT n-type TFT (3), the p-type impurity density 
increases in the high-VT p-type TFT (2), and two types of TFTs each 

20 with one of two VTs may be created for both n-channel TFTs and p- 
channel TFTs. In addition, a still another method may be used in 
which P-doping is performed for the whole region (both n-channel and 
p-channel TFTs) as shown in FIG. 6 (FIG. 6a), the resist pattern 10a is 
formed so that the TFTs at both ends (low-VT p-type TFT and high-VT 

25 n-type TFT) are exposed, and then B-doping is performed (FIG. 6b). 
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In this case, the n-type impurity density increases in the high-VT n-type 
TFT (4), the p-type impurity density substantially decreases in the low- 
VT p-type TFT (l), and two types of TFTs each with one of two VTs may 
be created for both n-channel TFTs and p-channel TFTs. 
5 [0055] 

In this way, by combining the configuration in which B-doping 
for controlling the VT of n-channel TFTs is used for p-channel TFTs, the 
configuration in which P-doping for controlling the VT of p-channel 
TFTs is used for n-channel TFTs, and the configuration in which B- 

10 doping or P-doping is not performed for a part of n-channel TFTs or p- 
channel TFTs, the TFTs each with one of multiple different VTs can be 
created for TFTs of the same channel type. By using TFTs each with 
one of different VTs to configure two types of circuits, that is, switches 
and logic circuits where the off-current characteristics are important and 

15 analog circuits where a low VT is required and the off-characteristics 
are not important, the characteristics of both types of circuits will 
improve. 
[0056] 

The following describe some examples of analog circuits that 
20 include TFTs formed by the methods described above. Low-VT TFTs 
included in an analog circuit increase the operation speed and enlarge 
the dynamic range of the circuit. However, the problem with an analog 
circuit configured only by low-VT TFTs is that, when the analog circuit 
is inactive, power is consumed due to the leakage current. To solve 
25 this problem, a switch is provided composed of a high VT TFT for 
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cutting off a leakage current generated by low VT TFTs when the circuit 
is inactive. This high-VT TFT switch is turned off when the circuit is 
inactive to minimize power dissipation due to a leakage current 
generated when the analog circuit is inactive. 
5 [0057] 

More specifically, a circuit in the present embodiment 
comprises an input terminal 11, an output terminal 12, a high-potential 
power supply terminal 13, a low-potential power supply terminal 14, an 
analog circuit 20 that includes low-VT TFTs, and switches 21 and 22 

10 each composed of a high-VT TFT, as shown in FIG. 7. The analog 
circuit 20 outputs the output voltage Vout from the output terminal 12 in 
response to the input voltage Vin received by the input terminal 11. 
The switches 21 and 22, provided between the high-potential power 
supply terminal 13, low-potential power supply terminal 14, and the 

15 analog circuit 20, respectively, are controlled by a control signal SI and 
a signal SIB which is an inverted signal of the control signal SI. The 
analog circuit 20 is activated (in operation) when the control signal SI 
is high and the inversion signal SIB is low, while the analog circuit 20 
is deactivated (stopped) when the control signal SI is low and the 

20 inversion signal SIB is high. 
[0058] 

When low-VT-TFTs are included in the current path routes 
among the terminals of the input terminal 11, output terminal 12, high- 
potential power supply terminal 13, and low-potential power supply 
25 terminal 14 in the configuration described above, the switches 21 and 22, 
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each composed of a high-VT TFT, cut off the current path route in the 
configuration described above to stop the circuit and, at the same time, 
reduces power dissipation caused by a leakage current when the circuit 
is inactive. The effect of a potential fluctuation in the input terminal 
5 11 and the output terminal 12, caused by a leakage current when the 
circuit is inactive, can also be reduced. 
[0059] 

For example, even when there is a current path route, which 
includes low-VT TFTs, between the input terminal 11 and the low- 

10 potential power supply terminal 14, the switch 22 can cut off the current 
path. Similarly, even when there is a current path route, which 
includes low-VT TFTs, between the high-potential power supply 
terminal 13 and the output terminal 12, the switch 21 can cut off the 
current path. Even when there is a current path route between the 

15 high-potential power supply terminal 13 and the low-potential power 
supply terminal 14, one of the switch 21 and the switch 22 can cut off 
the current path. 
[0060] 

Using the method of the present invention in this way, the 
20 analog circuit 20 including low-VT TFTs, coupled with the switches 21 
and 22 composed of a high-VT TFT, can increase the performance of the 
analog circuit (the operation speed is improved and the dynamic range is 
enlarged) and prevent power dissipation caused by a leakage current. 
This leakage current prevention structure alleviates the limitation on the 
25 leakage current, generated when the low-VT TFTs in the analog circuit 
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are off, even when the structure according to the present invention is 
applied to the driver circuit of a mobile device where low power 
dissipation is required. More specifically, the leakage current 
generated when a high-VT TFT is off must be equal to or lower than one 
5 ten-thousands (about 10 _11 A) of the current (about 10" 7 A) at the normal 
threshold voltage. On the other hand, the leakage current generated 
when a low-VT TFT is off is only required to be equal to or lower than 
the current (about 10" 7 A) at the threshold voltage. This ensures design 
flexibility. Note that the current values described above are a rough 
10 measure. 
[0061] 

The configuration of the analog circuit 20 can be applied to 
various types of analog circuit part, such as an amplifier circuit, a power 
supply circuit, a comparator, and a driver circuit. Although a low-VT 
15 TFT should preferably be of enhancement type, it may also be of slight 
depression type. 
[0062] 

The detailed configuration of a circuit in one embodiment of 
the present invention will be described below. Although two types of 

20 TFTs, high-VT TFTs and low-VT TFTs, are provided in the circuit 
configuration described below for convenience of description, a third 
type of TFTs with a VT different from those of the two types described 
above may also be provided. In general, the off-leakage current of a 
low-VT TFT is larger than that of a high-VT TFT. 

25 [0063] 



30 



First, an analog circuit comprising TFTs, which have two kinds 
of VTs, according to a first embodiment of the present invention will be 
described with reference to FIG. 8. FIG, 8 is a circuit diagram 
showing an example in which the configuration according to the present 
5 invention is applied to a differential amplifier circuit. In the 
description below, it is assumed that both high-VT TFTs and low-VT 
TFTs are insulated gate type transistors. 
[0064] 

As shown in FIG. 8, the circuit according to the present 

10 embodiment is a differential amplifier circuit comprised of the 
differential stage and the amplifier stage wherein low-VT TFTs are used 
in the differential stage (23 in FIG. 8). In the differential amplifier 
circuit, the differential pair transistors 101 and 102 are composed by 
low-VT TFTs and a switch 501 for controlling to off current path to the 

15 differential pair 101 and 102 is composed by a high-VT TFT. All the 
components other than the differential pair 101 and 102 are composed by 
a high-VT TFT similar to the one used in the switch 501. Both the 
differential stage and the amplifier stage are analog circuits through 
which an idling current flows. In this embodiment, an example in 

20 which the only the differential pair transistors 101 and 102 are formed 
by low-VT TFTs will be described. The circuit in FIG. 8 will be 
described in detail. The differential stage comprises the differential 
pair comprised of n-channel transistors 101 and 102; a current source 
105 connected in series with switch transistor 501 between the 

25 differential pair and a low-potential power supply terminal 14 to supply 



a current to the differential pair; and a current mirror circuit connected 
between the differential pair and a high-potential power supply terminal 
13 and composed of p-channel transistors 103 and 104 to serve as an 
load circuit of the differential pair. 
5 [0065] 

The input end of the current mirror circuit (connection point 
between the drain and the gate of the transistor 104) is connected to the 
drain of the transistor 102 constituting the differential pair, the output 
end is connected to the drain of the transistor 101 constituting the 

10 differential pair, and the drain of the transistor 101 is the output of the 
differential stage. The amplifier stage comprises a p-channel 
transistor 106 whose gate receives the output of the differential stage, 
whose source is connected to the high-potential power supply terminal 
13, and whose drain is connected to an output terminal 12; a current 

15 source 107 and a switch transistor 502 connected in series between the 
output terminal 12 and the low-potential power supply terminal 14; and 
a switch transistor 503 connected between the gate of the p-channel 
transistor 106 and the high-potential power supply terminal 13. The 
switch transistors 501, 502, and 503 each receive the control signal SI. 

20 Because two differential input terminals are the gate terminals of 
insulated gate type transistors in the present embodiment, there is no 
current path between the differential input terminal and the power 
supply terminals or the output terminal. 
[0066] 

25 When the differential amplifier circuit is activated, the control 
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signal SI is set high to turn on the switches 501 and 502 and to turn off 
the switch 503. This causes the output of the differential stage to 
change according to the potential difference between the two 
differential input voltages Vin( + ) and Vin(-), a change in the gate 
5 voltage of the p-channel transistor 106 controls the drain current of the 
p-channel transistor 106, and the output voltage Vout is determined by 
the balance between the drain current and the current from the current 
source 107. For example, when the inverting input terminal (gate of 
the transistor 102) of the differential pair is connected to the output 

10 terminal 12, a voltage-follower circuit is built that outputs a voltage 
equal to the input voltage supplied to the non-inverting input terminal 
(gate of the transistor 101). During operation, an idling current 
controlled by the current source 105 flows through the differential pair 
composed by transistors 101 and 102 and the current mirror circuit 

15 composed by transistors 103 and 104 in the differential stage. On the 
other hand, in the amplifier stage, the idling current flowing through the 
p-channel transistor 106 depends on the circuit connected to the output 
terminal 12. When a constant discharging current flows from the 
output terminal 12 to an external circuit, the idling current flowing 

20 through the p-channel transistor 106 is the total current of the discharge 
current and the current controlled by the current source 107. When a 
capacitive load is connected to the output terminal 12, the idling current 
controlled by the current source 107 flows directly through the p- 
channel transistor 106 in the stable operation state after the capacitor is 

25 completely charged or discharged. 
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[0067] 

On the other hand, when the circuit is deactivated, the control 
signal SI is set low to turn off the switches 501 and 502 and to turn on 
the switch 503. Because the switch 501 is turned off in the differential 
5 stage, the current flowing into the low-potential power supply terminal 
14 is cut off and the output of the differential stage is changed to the 
high potential power supply voltage VDD side. Because the switch 503 
is turned on in the amplifier stage, the voltage of the gate of the p- 
channel transistor 106 is increased to the high potential power supply 

10 voltage VDD and the p-channel transistor 106 is turned off. In 
addition, the switch 502 is turned off and hence the current path between 
the output terminal 12 and low-potential power supply terminal 14 is cut 
off. In this way, the differential amplifier circuit is activated or 
deactivated according to the value of the control signal SI. 

15 [0068] 

The dynamic range (output voltage range with respect to the 
power supply voltage range) of this differential amplifier circuit is 
narrower than the range, from the upper limit that is the high potential 
power supply voltage VDD to the lower limit that is the low potential 

20 power supply voltage VSS, by the threshold voltage of the n-channel 
transistors 101 and 102. Accordingly, the differential pair transistors 
101 and 102 in the configuration in FIG. 8, composed of low-VT TFTs, 
enlarges the operation range of the differential stage 23 and thus extends 
the dynamic range of the differential amplifier circuit. When this 

25 differential amplifier circuit is deactivated, the current path to the 



34 



differential pair transistors 101 andl02 composed of the low-VT TFTs is 
cut off by the switch 501 composed of a high-VT TFT and hence, the 
leakage current does not increase the power dissipation. 
[0069] 

Next, an analog circuit comprising TFTs, having two kinds of 
VTs, in accordance with a second embodiment of the present invention 
will be described with reference to FIG. 9. FIG. 9 shows a differential 
amplifier circuit in which low-VT TFTs are used in the differential stage 
(23 in FIG. 9). That is, in this differential amplifier circuit, a 
differential pair comprised of transistors 101 and 102 and a current 
mirror circuit comprised of transistors 103 and 104 are formed by low- 
VT TFTs, and a switch 501 for cutting off a current path to the 
differential pair and the current mirror circuit is formed by a high-VT 
TFT. All the components other than the differential pair comprised of 
transistors 101 and 102 and the current mirror circuit comprised of 
transistors 103 and 104 are formed by a high-VT TFT similar to that 
used for the switch 501. 
[0070] 

The differential pair transistors 101 and 102, composed of 
low-VT TFTs, extend the operation range of the differential stage 23 as 
in FIG. 8 and hence the dynamic range of the differential amplifier 
circuit is enlarged. In addition, the current mirror transistors 103 and 
104, composed of low-VT TFTs, reduces the load that acts as the load 
circuit of the differential pair, thus speeding up the operation response 
of the current mirror circuit and increasing the operation speed of the 
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differential amplifier circuit. It is also possible to constitute the 
differential amplifier circuit by using low-VT TFTs only for the current 
mirror circuit (transistors 103 and 104) and by using a high-VT TFT for 
the switch 501 for cutting off the current path to the differential pair. 
5 Such a configuration can also increase the performance of the 
differential amplifier circuit with the use of low-VT TFTs as in the 
differential amplifier circuit in FIG. 8 and can prevent the power 
dissipation, generated by the leakage current of a low-VT TFT, from 
being increased with the use of the switch 501 composed of a high-VT 
10 TFT. 
[0071] 

Next, an analog circuit comprising TFTs, having two kinds of 
VTs, in accordance with a third embodiment of the present invention 
will be described with reference to FIG. 10. FIG. 10 is a circuit 
15 diagram showing another example in which the structure of the present 
invention is applied to a differential amplifier circuit. 
[0072] 

As shown in FIG. 10, the circuit in the present embodiment is a 
differential amplifier circuit in which low-VT TFTs are used in the 

20 differential stage (23 in FIG. 10) and the amplifier stage (24 in FIG. 10). 
That is, in this differential amplifier circuit, a differential pair (101 and 
102) and a current mirror circuit (103 and 104) are formed by low-VT 
TFTs, a switch 501 for cutting off a current path to the differential pair 
and the current mirror circuit is formed by a high-VT TFT, a p-channel 

25 transistor 106 in the amplifier stage is formed by a low-VT TFT, and a 
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switch 504 for cutting off a current path between a high potential power 
supply terminal 13 and an output terminal 12, along which the p-channel 
transistor 106 is provided, is formed by a high-VT TFT. 
[0073] 

5 The switch transistor 504, is connected in series with the p- 

channel transistor 106 between the high-potential power supply terminal 
13 and the output terminal 12. This is because, unless the switch 
transistor 504 is connected in series with the p-channel transistor 106, 
the leakage current of the p-channel transistor 106 composed of a low- 

10 VT TFT sometimes increases the voltage of the output terminal 12 when 
the differential amplifier circuit is inactive. The gate of the switch 
transistor 504 receives the inversion signal SIB of the control signal SI 
to turn on the switches 501 and 502 when the differential amplifier 
circuit is active and to turn off the switches 501 and 502 when the 

15 differential amplifier circuit is inactive. 
[0074] 

One of the effects of this embodiment is that, when low-VT 
TFTs are used in the differential stage (23 in FIG. 10), the operation 
range of the differential stage 23 is enlarged as with the embodiment 

20 shown in FIG. 9 and therefore the dynamic range of the differential 
amplifier circuit is enlarged. Because, the p-channel transistor 106 in 
the amplifier stage (24 in FIG. 10) is formed by a low-VT TFT in this 
embodiment, the turn-on area of the p-channel transistor 106 in the 
power supply range is extended, the upper limit of the transistor current 

25 drive power in the change range of the differential stage output (gate 
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voltage of transistor 106) is raised, and hence the operation speed of the 
differential amplifier circuit is improved. Again, in the present 
embodiment, the performance of the differential amplifier circuit may be 
improved with no added power dissipation. 
5 [0075] 

Next, an analog circuit comprising TFTs, having two kinds of 
VTs, in a fourth embodiment of the present invention will be described 
with reference to FIG. 11. FIG. 11 is a circuit diagram showing an 
example in which the structure of the present invention is applied to a 
10 differential amplifier circuit. 
[0076] 

In this embodiment, a differential amplifier circuit is built by 
combining two differential amplifier circuits (30 and 40 in FIG. 11): 
differential amplifier circuit in FIG. 10 and differential amplifier circuit 

15 with a configuration symmetrical in transistor polarity to that of the 
circuit in FIG. 10. In the two differential amplifier circuits 30 and 40 
in FIG. 11, the inverting input terminal is each connected to the output 
terminal and, in addition, the output terminals are tied together to an 
output terminal 12. The two differential amplifier circuits each 

20 constitute a voltage-follower configuration in which the inverting input 
terminals are tied together to the output terminal 12. The two 
differential amplifier circuits may be started or stopped individually by 
the control signals SI and S2 and the inversion signals SIB and S2B. 
[0077] 

25 The differential amplifier circuit in FIG. 11 can perform the 
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high-speed charging operation via the p-channel transistor 106 when the 
differential amplifier circuit 30, activated by the control signals SI and 
SIB, is in operation. Also, the differential amplifier circuit can 
perform the high-speed discharging operation via the n-channel 
5 transistor 206 when the differential amplifier circuit 40, activated by the 
control signals S2 and S2B, is in operation. By controlling the control 
signals SI, SIB, S2, and S2B (SIB and S2B are the inversion signals of 
SI and S2), the high-speed charging operation and the high-speed 
discharging operation can be switched as required and hence, the 
10 differential amplifier circuit in FIG. 11 can perform the high-speed 
operation even when power is decreased by suppressing the electric 
current flowing to the current sources 107 and 207. 
[0078] 

The output terminal 12 is connected to the power supply VCC 
15 via complementary switches 131 and 132 controlled by the signals PC 
and PCB. This allows the voltage of the output terminal 12 to be 
charged or discharged preliminarily to the power supply voltage VCC as 
required. Although the operating range of each of the two differential 
amplifier circuits, 30 and 40, in FIG. 11 is narrower by the threshold 
20 voltage of the transistors of the differential pair, the driver circuit in 
FIG. 11 has an operating range equal to the power supply voltage range 
by performing the preliminary charge or preliminary discharge by means 
of the power supply VCC. The power supply VCC may be a variable 
power supply having a plurality of voltage levels. 
25 [0079] 
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Next, a circuit configuration for a display device formed on an 
insulating substrate having TFTs thereon, having two kinds of VTs, in a 
accordance with a fifth embodiment of the present invention will be 
described with reference to FIGS. 12-15. FIG. 12 is a diagram showing 
5 an example in which the present invention is applied to a liquid display 
device, and FIG. 13 is a diagram showing an example in which the 
present invention is applied to an organic EL display device. FIGS. 14 
and 15 are diagrams showing the detailed circuit configurations. 
[0080] 

10 FIG. 12 shows an example of the circuit block diagram of a 

TFT substrate on which a display unit and driver and peripheral circuits, 
such as a display controller and driver, necessary for driving the display 
unit are formed on the same insulating substrate. Referring to FIG. 12, 
a system power supply, a digital video signal, and control signals are 

15 sent from outside the TFT substrate 31. These signals are sent to a 
display controller 36, and the digital video signal is sent to a memory 37. 
The digital video signal can be sent in various ways; for example, they 
are sent in conjunction with the address signal or sent serially or in 
parallel. Necessary signals and necessary circuits are provided 

20 according to the way the signal is sent. The operation of each block is 
controlled by the control signal sent from the display controller 36. A 
power supply circuit 35 generates the power supply voltage, necessary 
for each block, based on the system power supply. The digital video 
signal is stored in the memory 37, and the video signal that is read from 

25 the memory 37 according to the timing is sent to a data driver 34. The 
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data driver 34, composed of a gray-scale voltage generation circuit, data 
latch, decoder, output amplifier, and so on, uses the output amplifier to 
amplify the gray-scale voltage selected according to the digital video 
signal and outputs the amplified voltage to data lines 43. A gate driver 
5 33 outputs a scan signal that sequentially selects gate lines 42. The 
display unit 32 is composed of the gate lines 42 and data lines 43 that 
are intersected. Preferably, the memory 37 should be able to store one 
or more frames of image data. 
[0081] 

10 Referring to FIG. 12, the display unit 32 has an active matrix 

configuration. An active matrix display unit has the pixels arranged in 
a matrix. Each pixel has a TFT 41, whose gate line 42 is connected to 
the control terminal of the TFT 41, whose drain is connected to the data 
line 43, and whose source is connected to the pixel electrode. 

15 Although omitted in FIG. 12, an opposed substrate with transparent 
electrodes is provided in a position opposed to the TFT substrate 31 with 
liquid crystal between the TFT substrate 31 and the opposed substrate. 
The liquid crystal between the pixels and the electrodes (common line 
44) of the opposed substrate each form a liquid crystal capacitor 45, 

20 which works with a storage capacitor 46 to hold the difference in 
voltages applied to both ends of the capacitor and controls the liquid 
crystal transmittance to perform multi-level tone display. A common 
driver 38 generates a voltage signal to be applied to the electrodes of the 
opposed substrate and sends the signal from the TFT substrate to the 

25 electrodes (common line 44) of the opposed substrate. 
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[0082] 

Because the display unit 32, its driver circuit, and the 
peripheral circuits are integrated on the TFT substrate 31 shown in FIG. 

12, the TFTs and the interconnections can be formed in one process. 
5 According to the present invention, the TFTs having two kinds of VTs 

(high-VT TFT and low-VT TFT) for each polarity can be formed on the 
insulating substrate (TFT substrate 31) at the same time. A low-VT 
TFT can be applied to an analog circuit part that requires an idling 
current during circuit operation, while a high-VT TFT can be applied to 
10 a logic circuit and a switch. This configuration contributes to improve 
the operation speed and to enlarge the dynamic range of an analog 
circuit without increasing power dissipation, thus increasing the 
performance of a display unit. 
[0083] 

15 FIG. 13 is a circuit block diagram of a display unit whose 

display part and whose driver circuit and peripheral circuits are 
integrated and formed on an insulating substrate as in FIG. 12. In FIG. 

13, there is illustrated a circuit block diagram of the TFT substrate of a 
typical organic EL display unit. In FIG. 13, the same reference 

20 numerals as in FIG. 12 are used for elements corresponding to elements 
in FIG. 12. The display unit 32 in FIG. 13 also has an active matrix 
configuration. The active matrix display part of the organic EL 
display unit has the pixels arranged in a matrix. Each pixel is 
composed of a switching TFT 51, a current control TFT 54, and a light- 

25 emitting diode OLED 55 (Organic Light Emitting Diode) formed by an 
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organic thin film. The control terminal of the TFT 51 is connected to a 
gate line 52, the drain is connected to a data line 53, and the source is 
connected to the control terminal of a TFT 54. The source of the TFT 
54 is connected to the high potential power supply VDD, the drain is 
5 connected to one end of the OLED, and the low potential power supply 
voltage VSS is connected to the other end of the OLED. The low 
potential power supply VSS is supplied to the electrode, not shown, 
formed on the cathode substrate. When the TFT 51 is turned on and the 
voltage corresponding to the image signal is supplied to the TFT 54, the 

10 TFT 54 causes the current, corresponding to the voltage difference from 
the high potential power supply voltage VDD, to flow to the OLED 55 
that emits light according to the light intensity corresponding to the 
amount of current. In this way, the multi-level tone display can be 
performed by controlling the current that flows to the OLED 55. A 

15 common driver 38 in FIG. 13, a circuit that generates the voltage VSS to 
be supplied to the electrode of the cathode substrate, need not be 
provided when the voltage VSS is GND. 
[0084] 

Because the display unit, its driver circuit, and the peripheral 
20 circuits are integrated on the TFT substrate 31 shown in FIG. 13, the 
TFTs and interconnections can be formed in one process. According to 
the present invention, the TFTs having two kinds of VTs (high-VT TFT 
and low- VT TFT) for each polarity can be formed on the insulating 
substrate (TFT substrate 31) at the same time. A low-VT TFT can be 
25 applied to an analog circuit that requires an idling current during circuit 



43 



operation, while a high-VT TFT can be applied to a logic circuit and a 
switch. This configuration improves the operation speed and enlarges 
the dynamic range of an analog circuit without increasing power 
dissipation as in FIG. 12, thus increasing the performance of a display 
5 unit. 
[0085] 

The circuits in FIGS, 12 and 13 will be described more in detail. 
An example of an analog circuit in FIG. 12 and FIG. 13 is the output 
amplifier of the data driver 34, the regulator of the power supply circuit 

10 35, the sense amplifier of the memory 37, and so on. Forming some of 
those components with low-VT TFTs enlarges the dynamic range and 
improves the operation speed, thus improving the performance of the 
display unit. For example, the improvement of the operation speed of 
the output amplifier of the data driver 34 according to the present 

15 invention would reduce the time needed to output the gray-scale voltage 
to the data line 43 and hence a high-definition panel where high-speed 
driving of data lines is required may be implemented. 
[0086] 

An example of a logic circuit or a switch is the gate driver 33, 
20 the display controller 36, or the switch (TFT41 in FIG. 12) in the pixel 
part of the display unit 32. The TFTs included in the circuits are built 
by high-VT TFTs to prevent an increase in power dissipation or a 
malfunction due to a leakage current. The data driver 34 and the 
memory 37 also include many logic circuits or switches. That is, 
25 though built mainly by logic circuits, a circuit block may include some 
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analog circuits. A typical example of such a circuit block is shown in 

FIG. 14 and FIG. 15. 

[0087] 

FIG. 14 is a diagram showing an example of the configuration 
5 of the data driver 34. The data driver in FIG. 14 comprises a gray- 
scale voltage generation circuit 200, a latch 400, decoders 300, 
amplifier circuits 100, and output terminals 500. The gray-scale 
voltage generation circuit 200, composed of a resistor string having one 
end connected to the power supply voltage VH and the other end 

10 connected to the power supply voltage VL, outputs a gray-scale voltage 
(multi-valued level voltage) which are generated from each tap of the 
resistor string. The latch 400 receives video digital data, received by 
the data driver 34, and outputs the data to the decoders 300 at 
predetermined timing. The decoder 300 selects a gray-scale voltage, 

15 corresponding to the digital data output by the latch 400, for output to 
the amplifier circuit 100. The amplifier circuit 100 amplifies the 
received gray-scale voltage and outputs it to the output terminal 
connected to the data line (43 in FIG. 12, 53 in FIG. 13). Video digital 
data sent from the external of the data driver to the latch 400 is read 

20 from the memory 37 in FIG. 12 or FIG. 13 and is preferably sent directly 
to the latch 400 in the parallel form. If the data is sent serially, it is 
also possible to provide a shift register to sequentially receive the data 
into the latch 400 in synchronization with the clock signal. In FIG. 14, 
the latch 400 is a logic circuit. The decoder 300, which is a circuit for 

25 processing multi-valued levels and is comprised of switches, and the 



latch 400 are formed by high-VT TFTs. By contrast, the amplifier 
circuit 100 is an analog circuit to which the differential amplifier circuit, 
such as the one shown in FIGS. 8-10, may be applied. The present 
invention, if applied to the amplifier circuit 100, could improve the 
5 operation speed and enlarge the dynamic range of the amplifier circuit 
100 without increasing power dissipation. The description of the 
gray-scale voltage generation circuit 200 in FIG, 14, which does not 
include TFTs, is omitted here. 
[0088] 

10 FIG. 15 is a diagram showing an example of the configuration 

of the memory 37 built by forming a static RAM on an insulating 
substrate. This static RAM is described in the publication titled 
"Basics of MOS Integrated Circuits", Number 5 of VLSI introduction 
series, Kindai Kagaku Shuppan, pp. 64. The static RAM comprises a 

15 memory cell array 600, a data input buffer 700, a data output buffer 800, 
a sense amplifier 900, and so on. In the memory shown in FIG. 15, 
data is written into, or read from, a memory cell 600 specified by a row 
address and a column address according to the level (low level, high 
level) of the write enable signal. The sense amplifier 900 amplifies 

20 data read from the memory cell 600 to speed up the read operation. In 
FIG. 15, a memory cell 600 is constituted by a flip-flop, the data input 
buffer 700, and the data output buffer 800, each formed by high-VT 
TFTs, form a logic circuit. By contrast, the sense amplifier 900 has a 
configuration almost similar to that of the differential stage in FIGS. 8- 

25 10 (21 in FIG. 15). As in the differential stage in FIGS. 8-10, the 
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differential pair and the current mirror circuit are formed by low-VT 
TFTs and a switch for cutting off the current path to these circuits is 
formed by a high-VT TFT. This configuration improves the operation 
speed, and enlarges the operating range, of the sense amplifier 900 
5 without increasing power dissipation. 
[0089] 

The present invention may be applied to an analog circuit that 
may be included in any circuit on an insulating substrate. For example, 
although only a switch TFT is used in the pixel part in FIGS. 12 and 13, 
10 a variety of function circuits may be provided also in the pixel part. 
The present invention, if applied to this configuration in which analog 
circuits are also included, could improve performance. 
[0090] 

Even when a circuit block such as the data driver in FIG. 14 or 
15 the memory in FIG. 15 is formed on an insulating substrate singly to 
create a chip, it is easily understood that the present invention can be 
applied to an analog circuit to provide higher performance than ever 
before without increasing chip power dissipation. 
[0091] 

20 As described in the above embodiments, configuring a circuit 

with low-VT TFTs and high-VT TFTs fabricated in the method according 
to the present invention can improve the performance of an analog 
circuit by using low-VT TFTs and can prevent a current leakage by using 
high-VT TFTs. To make the effect of the present invention clearer, the 

25 problems with a configuration (a case not included in the present 
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invention) in which low-VT TFTs are used in a logic circuit such as an 

inverter or a switch will be described. 

[0092] 

FIG. 16a shows a digital circuit configured by using low-VT 
5 TFTs for an inverter. The inverter in FIG. 16a comprises a p-channel 
transistor 901 and an n-channel transistor 902. The inverter operates 
as follows. When the input Vin is at a low levei(VSS), the p-channel 
transistor 901 is turned on, the n-channel transistor 902 is turned off, 
and the output Vout rises to a high level(VDD); when the input Vin is at 
10 a high level(VDD), the p-channel transistor 901 is turned off, the n- 
channel transistor 902 is turned on, and the output Vout falls to a low 
level (VSS). 
[0093] 

As described above, one of the p-channel transistor 901 and the 
15 n-channel transistor 902 is off. However, the problem is that, when the 
p-channel transistor 901 and the n-channel transistor 902 are formed by 
low-VT TFTs and off-leakage current is relatively large, the operation 
speed of the inverter is improved but the power dissipation is increased 
by the leakage current of the off-state transistor. By contrast, the 
20 configuration according to the present invention where low-VT TFTs are 
used for analog circuits improves the operation speed without increasing 
the power dissipation. 
[0094] 

FIG. 16b is a diagram showing the configuration (a case not 
25 included in the present invention) in which low-VT TFTs are applied to 
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a clocked inverter. Referring to FIG. 16b, a switch transistor 903 is 
connected between an inverter formed by low-VT TFTs shown in 
FIG. 16a and a high-potential power supply terminal 13, a switch 
transistor 904 is connected between the inverter shown in FIG. 16a and a 
5 low-potential power supply terminal 14, and control signals S3 and S4 
are sent respectively to the gate of the switch transistors 903 and 904. 
[0095] 

When both high-VT TFT transistors 903 and 904 are off in the 
configuration in FIG. 16b, the current path is completely cut off. 

10 Accordingly, even if the leakage current of the transistors 901 and 902 
formed by low-VT TFTs is large, the operation is not affected. 
However, when at least one of high-VT TFT transistors 903 and 904 is 
on, the operation may be affected. For example, when the transistors 
901, 902, 903, and 904 are off, on, on, and off, respectively, the leakage 

15 current from the transistor 901, if large, would cause electric charge to 
flow from the high-potential power supply terminal 13 into the output 
terminal 12 and sometimes cause a malfunction. 
[0096] 

FIG. 16c is a diagram showing the configuration (a case not 
20 included in the present invention) in which low-VT TFTs are applied to 
a switch. FIG. 16c shows a configuration similar to that of the 
differential stage in FIG. 8 except that a low-VT TFT switch 951 is used 
instead of the high-VT TFT switch transistor 501. In this 
configuration, a switch composed of a high-VT TFT is not provided on 
25 the current path route including a differential pair comprised of low-VT 
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TFTs 911 and 912. Accordingly, even if the control signal SI is set to 
a low level to stop the operation of the differential stage, the current 
controlled by a current source 915 tends to flow into the differential 
stage. Thus, when the leakage current of the low-VT TFT switch 951 
5 is large, the power dissipation when the differential stage is inactive 
increases. In this way, there is a problem that a low-VT TFT, if 
applied to a switch, would increase power dissipation even in an analog 
circuit. By contrast, according to the present invention, a low-VT TFT 
is applied to a circuit part where a predetermined internal current of an 
10 analog circuit flows but not to a switch. In addition, a current path 
route that includes low-VT TFTs also includes a switch configured by a 
high-VT TFT to prevent power dissipation from being increased. 
[0097] 

Referring to FIG. 17, an analog circuit, according to a sixth 
15 embodiment of the present invention, which includes two kinds of TFTs, 
will be described in the below. In FIG. 17, a circuit configuration of a 
differential amplifier according to the sixth embodiment of the present 
invention. 
[0098] 

20 As shown in FIG. 17, in the differential amplifier circuit 

according to the present embodiment, a differential stage 23 includes 
low-VT TFTs and an amplification stage 24 includes a low-VT TFT. 
More specifically, in the differential stage 23, a pair of transistors 101 
and 102 constituting a differential pair, a switch transistor inserted 

25 between a current source 501 and a power supply VSS are high-VT TFTs, 
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while a pair of transistors 103 and 104 constituting a current mirror 
circuit functioning as an active load pair of the differential pair are 
low-VT TFTs. A p-channel transistor 106 in the amplification stage 24 
is a low-VT TFT, while a transistor 504 connected between a source of 
5 the p-channel transistor 106 and a high potential power supply terminal 
13 is a high-VT TFT and a n-channel transistor 502 connected in series 
with a current source 107 between an output terminal 12 and a low 
potential power supply terminal 14 is a high-VT TFT. Meanwhile, the 
current sources 105 and 107 are respectively connected in series with 

10 transistors 501 and 502, and hence if each of current sources 105 and 
107 may be made up of a transistor, which is either a low-VT TFT or a 
high-VT TFT. A control signal SI is supplied to gates of the 
transistors 501 and 502 each functioning as a switch element, while the 
inverted signal SIB of the control signal SI is supplied to the gate of the 

15 transistor 504. In case of the differential amplifier being activated, the 
transistors 501, 502 and 504 are set to be in an on state and in case of the 
differential amplifier being stopped(deactivated), the transistors 501, 
502 and 504 are set to be in an off state. 
[0099] 

20 The outline of the operation of the circuit shown in FIG. 17 will 

be described. When the control signal SI is at a high level and both 
the differential stage 23 and the amplification stage (output 
amplification stage) 24 are in an activated state, with a change in a 
signal voltage Vin( + ) at the non-inverting input terminal lib to a value 

25 which is higher than a signal voltage Vin(-) of the inverting input 
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terminal 11a, the gate-to-source voltage of the n-channel transistor 101 
is increased to cause a channel current (drain current) to increase. Hence, 
the output node voltage of the differential stage 23 is lowered because of 
a voltage drop through an on-state-resistor of the transistor 103 and the 
5 gate-to-source voltage of the p-channel transistor 106 becomes more 
increased to increase a channel current (drain or source current) of the 
p-channel transistor 106, as a result of which the current, obtained on 
subtracting the channel current(drain or source current) of the p-channel 
transistor 106 by the sink current of the current source 105, becomes 

10 positive to raise the output terminal voltage Vout in phase with the 
signal voltage Vin( + ) at the non-inverting input terminal lib. For 
example, in case of a capacitive load, the amount to the electric charge 
accumulated in a load capacitor attached to the output terminal 12 
increases. With a change in a signal voltage Vin( + ) at the non-inverting 

15 input terminal lib to a value which is lower than a signal voltage Vin(-) 
of the inverting input terminal 11a, the gate-to-source voltage of the n- 
channel transistor 101 is decreased to cause a channel current to 
decrease. Hence, the output node voltage of the differential stage 23 is 
raised because of a voltage drop in an on-state-resistor of the transistor 

20 103 and the gate-to-source voltage of the p-channel transistor 106 
becomes more decreased to decrease a channel current (drain or source 
current) of the p-channel transistor 106, as a result of which the current, 
obtained on subtracting the drain current Ids of the p-channel transistor 
106 by the sink current of the current source 105, becomes 

25 negative(minus) to lower the output terminal voltage Vout in phase with 



the signal voltage Vin( + ) at the non-inverting input terminal lib. If the 
p-channel transistor 106 becomes cut-off, the electric charge in the 
output terminal 12 is discharged and the output terminal voltage Vout 
becomes the power supply voltage VSS. 
5 [0100] 

In the present embodiment, the differential pair transistors 101 
and 102 are both high-VT TFT in place of low-VT TFT in FIG. 10. The 
operation range of the differential stage 23 is not expanded. However, 
since a pair transistors 103 and 104 composing a current mirror are both 

10 low-VT TFTs and a transistor 106 in the output amplification stage is a 
low-VT TFT, the operation speed of the differential amplifier circuit is 
improved. Though in FIG. 17, a single stage type current mirror circuit 
made up of a pair of transistors 103 and 104 is shown, the same effect 
may also be achieved by a configuration in which the single stage 

15 current mirror circuit constituting an active load is replaced by a 
cascode type current mirror circuit including plural stages of transistors, 
a part or all of which are low-VT TFT. 
[0101] 

In FIGs.8-10, and FIG. 17, the embodiments are described 
20 which are designed to enhance a performance of the differential 
amplifier circuit by using low-VT TFT. More detailed description 
regarding the position(element) at which a low-VT TFT is applied and 
an effect to the performance of the differential amplifier circuit, will be 
done in the below. 
25 [0102] 
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As described in the above embodiments, in case where the 
differential pair of the differential amplifier circuit are made up of 
low-VT TFTs, while transistors other than the differential pair are made 
up of high-VT TFTs, the input/output voltage range can be enlarged. If 
transistors composing the current mirror circuit and/or the output 
amplification circuit are low-VT TFTs, the operation speed can be 
raised. 
[0103] 

However, there is a case where the operation speed of the 
differential amplifier circuit may be reduced, if the differential pair of 
the differential amplifier circuit is made up of low-VT TFTs. More 
specifically, in case where the threshold voltage of low-VT TFTs 
composing a differential pair is sufficiently small as compared with that 
of a high-VT TFT, the operation speed of the differential amplifier 
circuit is reduced for the input voltage close to the high potential power 
supply voltage VDD. 
[0104] 

Referring to FIG. 8, when the input voltage Vin( + ) at the 
differential pair (made up of transistors 101 and 102) is close to the high 
potential power supply voltage VDD, the voltage at the commonly 
coupled source of transistors 101 and 102 is raised. The maximum swing 
at the output voltage of the differential pair (drain voltage of the 
transistor 101) is in the voltage range between the power supply voltage 
VDD and the voltage at the commonly coupled source of transistors 101 
and 102. Accordingly, if the threshold voltage of the transistors 101 and 
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102 is sufficiently small, the swing range of the output voltage of the 
differential stage 23 is made small and the amplification effect by the 
transistor 106 is diminished, as a result of which the operation speed of 
the differential amplifier circuit is reduced. However, if an upper 
5 limit of the input/output voltage range of differential amplifier circuit is 
sufficiently low as compared with the high-potential power supply 
voltage VDD, there is no problem. Accordingly, if the low-VT TFTs are 
to be employed in the differential pair in order to enlarge the input 
/output voltage range, the threshold voltage of a low-VT TFT must be 
10 set by taking into considerations the upper limit of the input/output 
voltage range and the operation speed of the differential amplifier 
circuit. 
[0105] 

The differential amplifier circuit shown in FIG. 10 can enlarge the 
15 input/output voltage range and improves the operation speed as compare 
with the differential amplifier circuit shown in FIG. 8. 
[0106] 

The differential amplifier circuit shown in FIG. 17 does not 
enlarge the input/output voltage range. However, it achieves the best 
20 improvement of the operation speed. 
[0107] 

As described in the above, by selecting appropriately a 
placement or element to which a low-VT TFT is employed, the 
performance of the differential amplifier circuit is improved. 
25 [0108] 
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Next, a circuit configuration, to which a combination of a 
low-VT TFT and a high-VT TFT according to the present invention is 
applied, other than a differential amplifier circuit, will be described. 
FIG. 18 illustrates an example of a circuit configuration of a source 
5 follower circuit according to a seventh embodiment of the present 
invention. Referring to FIG. 18, the source follower circuit according the 
present embodiment, includes a n-channel transistor 111 and p-channel 
switch transistor 511 connected in series between a high-potential power 
supply terminal 13 and an output terminal 12 and a current source 112 

10 and n-channel switch transistor 512 connected in series between the 
output terminal 112 and a lower potential side terminal 14. An input 
signal voltage Vin is supplied to a gate of the n-channel transistor 111. 
A control signal SI and a signal SIB which is an inverted signal of the 
control signal SI are supplied to gates of the n-channel switch transistor 

15 512 and the p-channel transistor 511 respectively. In case of the 
control signals SI and the inverted signal SIB being high and at low 
respectively, the source follower circuit is activated. In case of the 
control signals SI and the inverted signal SIB being low and high 
respectively, the source follower circuit is deactivated. 

20 Referring to FIG. 18, the operation of the source follower 

circuit will be described in the below. 

If the input voltage Vin is increased, the output voltage Vout is 
pulled up by the source-follower operation of the n-channel transistor 
111 and the output voltage Vout is stabilized at the voltage which is the 

25 shifted from input voltage Vin by a gate-to-source voltage of the n- 
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channel transistor 111. 

If the input voltage Vin is lowered, the n-channel transistor is 
at once caused to be cut off and the output voltage Vout is pulled down 
by a discharging operation of the current source 112. When the potential 
5 difference between the input voltage Vin and the output voltage Vout 
exceeds its threshold voltage, the n-channel transistor 111 is in an on 
state again and the output voltage Vout is made stabilized at the voltage 
which is shifted from the input voltage Vin by a gate-to-source voltage 
of the n-channel transistor 111. 

10 In the amplifier circuit shown in FIG. 18, in which the 

transistor 111 is a low-VT TFT and other transistors are high-VT TFT, 
the dynamic range of the amplifier circuit is extended and the speed of 
the source follower operation is improved. The power dissipation of 
the amplifier circuit does not increase because the switch transistor 511 

15 and 512 are both high-VT TFT. 
[0109] 

Next, the eight embodiment of the present invention will be 
described. In the embodiments described by referring to FIGs.8 to 11, 
and FIGs.17 and 18, in which a low-VT TFT is employed, an extra 
20 transistor for serving as a dedicated switch is provided for cutting off 
current path from a high-potential power supply 13 to a low-potential 
power supply 14. The present embodiment adopts a configuration in 
which an existing high-VT TFT is utilized as the switch function. 
[0110] 

25 FIG. 19 shows the circuit configuration in which the transistor 
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constituting a current source 105 of the differential stage 23 shown in 
FIG. 8 is equipped with the same function as the switch transistor 501 of 
FIG. 8, and the switch transistor 501 of FIG. 8 is removed. 
[0111] 

5 FIG. 19 illustrates only a typical example of the differential 

stage 23, while the amplifier stage 24 is omitted and not shown. The 
current source 105 is made up of a high-VT TFT, to the gate of which a 
bias voltage VB1 is supplied. If the bias voltage VB1 is set to a 
predetermined voltage, the differential amplifier circuit is activated, 

10 while the differential amplifier circuit is deactivated, if the bias voltage 
VB1 is set to a power supply voltage VSS. In case of the differential 
amplifier circuit being deactivated, the current source made up of a 
high-VT TFT is in an off state and hence the increase of the power 
dissipation due to the leakage current is suppressed. The present 

15 embodiment in which the current source is caused to be equipped with a 
switch function can perform the same effect as the differential stage 23 
shown in FIG. 8. 
[0112] 

FIG. 20 shows another embodiment of the present invention, 
20 which is a modification of the configuration shown in FIG. 19. 
Referring to FIG. 20, in the present embodiment, there is added a switch 
function in the transistors 103 and 104 constituting a current mirror 
circuit functioning as an active load of the differential pair. In the 
circuit configuration according to the present embodiment, as shown in 
25 FIG. 20, the switch transistor 501 is removed from the differential stage 
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23 shown in FIG. 8 and p-channel transistors 108 and 109, each of which 
is a high-VT TFT, are added. The p-channel transistors 108, which is 
connected between the commonly coupled gates of transistors 103 and 
104 constituting the current mirror and a drain of the transistor 104, has 
5 a gate supplied with a control signal SIB which is an inverted signal of a 
control signal SI. The p-channel transistors 109, which is connected 
between the commonly coupled gates of transistors 103 and 104 and a 
high-potential power supply terminal 13, has a gate supplied with a 
control signal SI. In case of the control signals SI and SIB being high 

10 and low, the transistors 108 and 109 are turned on and off respectively 
and hence the transistors 103 and 104 function as a current mirror circuit. 
In case of the control signals SI and SIB being low and high, the 
transistors 108 and 109 are turned off and on respectively and hence the 
voltage of the coupled gate of the transistors 103 and 104 is set to a 

15 high-potential power supply voltage VDD to turn off the transistors 103 
and 104. The transistor 108 is turned off to make a path between a 
drain and gate of the transistor 104 non-conductive. 
[0113] 

The differential amplifier circuit according to the present 
20 embodiment, in case of deactivated, can cut off the idling current and 
suppress the increase of the power dissipation for the leakage current 
because transistors 103, 104 and 108 each made up of a high-VT TFT, 
are turned off. The present embodiment in which a switch function is 
added to the current mirror circuit composed by transistors 103 and 104, 
25 can perform the same effect as the differential stage 23 of the 
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embodiment shown in FIG. 8. 
[0114] 

As described above, the switch made up of a high-VT TFT for 
cutting off the idling current is not necessarily a dedicated switch for 
5 cutting off current and any optional configuration which has both the 
switch function and other function combined together may be employed. 
[0115] 

As a modification example, the p-channel transistor 106 of the 
amplification stage shown for example in FIG. 8, may be replaced by a 

10 source follower type transistor (n-channel transistor). In this 
modification example, a switch transistor 503 has a source connected to 
the low-potential power supply terminal 14, a drain connected to a gate 
of the source follower type transistor and a gate connected to a control 
signal SIB which is an inverted signal of the control signal SI. It is 

15 needless to say that the amplification stage 24 shown for example in 
FIG. 10 may be constituted by of a source follower configuration which 
is shown in FIG. 18. If the transistor of the amplification stage is 
constituted as a follower type configuration, an inverting input signal 
Vin(-) and a non-inverting input signal Vin( + ) are reversed as compared 

20 with those shown in FIG. 10, that is, the input terminals 11a and lib 
function as the non-inverting input terminal for receiving a signal 
voltage Vin( + ) and the inverting input terminal for receiving a signal 
voltage Vin(-) respectively. 
[0116] 

25 In the above described embodiments, in 5V-power supply 
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system, the threshold voltage of the high VT TFT is for example, about 
+/- 1.0 to + /-1.2V, the threshold voltage of the low-VT TFT is for 
example, about, + /- 0,0 to + /-0.2V. Th sign " + " denotes a threshold 
voltage of the n-channel type TFT, and the sign denotes a threshold 
5 voltage of the p-channel type TFT (the gate-to-source voltage at which 
the p-channel type TFT is turned on). In case of a threshold value of 
the p-channel type TFT, high and low of said threshold value 
corresponds to large and small of an absolute value of a threshold value. 
A threshold value 0.2V(an absolute vale of -0.2V) is lower than a 
10 threshold value 1.2V(an absolute vale of -1.2V). 
[0117] 

The present invention, which is not limited to the configuration 
of the above described embodiments, includes any modification and 
correction that can be achieved by those skilled in the art within the 
15 scope of the present invention. 
[0118] 

For example, although in the above described embodiments, 
polycrystalline silicon TFTs are employed, a channel region of the 
transistor according to the present invention is not limited to a 
20 polycrystalline silicon thin film. For example, the present invention 
includes such a configuration in which the channel region is located in 
one granule due to the extension of the granular size of a silicon crystal. 
[0119] 

In the present invention, in stead of the formation of the 
25 polycrystalline film by laser crystallization, the crystallization by solid 
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phase deposition may be used. 
[0120] 

The effect by the present invention is not made possible only 
by the manufacturing method of the present invention. Though, in the 
5 above embodiments, the present invention is described in combination 
with the manufacturing method which can achieve the effect with lesser 
number of processes, a channel-doping process are divided into plural 
number of times and TFTs which are the same channel type and have 
different VTs can be formed. In this method, the number of processes 

10 increases and hence the manufacturing cost increases. However, in case 
where the importance is attached to the circuit performance more than to 
the manufacturing cost, the circuit performance can be improved by 
adopting a circuit configuration of embodiments of the present invention 
as shown for example in FIGs.7 to 11, and FIGs.17 to 20. This applies in 

15 similar way to a circuit formed by any other manufacturing method. 
[0121] 

However, by employing the manufacturing method described in 
the above-described embodiments, the increase in the manufacturing 
cost is suppressed and the enhancement of the circuit performance is 
20 achieved. 

It should be noted that other objects, features and aspects of 
the present invention will become apparent in the entire disclosure and 
that modifications may be done without departing the gist and scope of 
the present invention as disclosed herein and claimed as appended 
25 herewith. 
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Also it should be noted that any combination of the disclosed 
and/or claimed elements, matters and/or items may fall under the 
modifications aforementioned. 



